A 10-year retrospective analysis of invasive mold infections in hospitalized patients was performed to characterize the epidemiology and clinical features of invasive fungal sinusitis. Seventeen cases of invasive mold sinusitis were identified. Eleven cases were caused by Aspergillus flavus, three were caused by unspecified species, and one each was caused by Aspergillus fumigatus, Rhizopus species, and Alternaria species, respectively. Fifteen patients had hematologic malignancies, and two had end-stage liver disease. The most common presenting symptom was periorbital swelling (seven patients). Sinusitis was diagnosed a median of 19 days after admission. Eight patients (47%) survived; six of these patients were treated with both amphotericin B and surgery. Postmortem examination of six patients showed evidence of disseminated disease; the brain was the most common extrapulmonary site (four patients). To our knowledge, this is the largest currently reported series on invasive mold sinusitis; our report extends the information on invasive mold sinusitis and shows that aggressive therapeutic and surgical interventions are needed to prevent rapid progression of disease in immunocompromised patients.
Invasive fungal sinusitis has increasingly been recognized this series of 17 cases is the largest currently reported study from any one institution. as a cause of morbidity and mortality in immunocompromised patients, including those who have received high doses of chemotherapy (with or without stem cell rescue), those who have Methods received solid organ transplants, and those with immunosuppressive diseases such as AIDS [1 -7] . Even though yeast
Distribution of Molds Causing Invasive Disease
such as Candida albicans may cause this disease, molds are All patient specimens positive for molds from 1 January most frequently detected, with Aspergillus flavus and Aspergil-1985 through 31 December 1994 were identified by a review lus fumigatus being most widely isolated. Invasive fungal siof microbiology records and histopathology reports. At least nusitis caused by other species, such as Pseudallescheria boyone of the following criteria were used to define cases of invadii, Rhizopus arrhizus, Fusarium species, and Alternaria sive mold infection: culture of a surgical, biopsy, or autopsy species, has also been observed [1 -4, 6 -10] .
specimen (other than specimens from mucosal surfaces) yieldCases of invasive mold sinusitis in both adult and pediatric ing an organism that exhibited histological changes consistent patients have been reported in the literature (table 1) [1 -6, with a mold; isolation of a mold from a specimen from a sterile 10 -12] . A limited amount of information was detailed in most body site in association with clinical signs and symptoms; or cases, and different aspects of the disease were reported by the evidence of hyphae consistent with a mold in tissue section various investigators; therefore, comparison of these studies is specimens without a positive culture (these species were redifficult. To understand the disease more fully, we conducted ported as unspecified). Invasive infections were classified aca 10-year retrospective analysis of invasive mold infections at cording to the scheme reported by Bodey and Vartivarian [13] . the University of Nebraska Medical Center (Omaha); an emphasis was placed on invasive mold sinusitis. We identified 17 cases of this disease and evaluated each case in detail,
Diagnosis of Invasive Mold Sinusitis
emphasizing clinical characteristics, treatment, outcome, and postmortem findings when indicated. A review of published
The diagnosis of invasive mold sinusitis was made by means studies of fungal sinusitis caused by mold demonstrated that of the algorithmic approach described by deCarpentier et al. [9] . Briefly, an index of suspicion occurred when characteristic signs and symptoms (such as fever, maxillary tenderness, nasal discharge, nose ulceration, periorbital swelling, nasal stuffiness, (1) unspecified (3) NOTE. AA Å aplastic anemia; ALL Å acute lymphoblastic leukemia; AML Å acute myeloblastic leukemia; AMML Å acute myelomonocytic leukemia; ANLL Å acute nonlymphocytic leukemia; APML Å acute promyelocytic leukemia; AUL Å acute undifferentiated cell leukemia; BL Å Burkitt's lymphoma; CLL Å chronic lymphocytic leukemia; CML Å chronic myelogenous leukemia; MDS Å myelodysplastic syndrome; NHL Å non-Hodgkin's lymphoma.
* No underlying disease recognized.
of diagnosis of invasive mold sinusitis was the day on which toms were periorbital swelling (seven patients) and nasal congestion (six patients). a nasal biopsy specimen with typical histopathologic changes was obtained.
Fifteen of the patients became neutropenic at some time during hospitalization (table 3) . Neutropenia occurred a median of 8 days (range, 0 -34 days) after admission; the median duraClinical Data tion of neutropenia was 26 days (range, 11 -87 days). Two patients did not become neutropenic; patient 2 had acute myeloClinical records of patients with invasive mold sinusitis were cytic leukemia and was admitted to the hospital because of reviewed, and the following information, where available, was early stage graft vs. host disease and a history of chronic immurecorded: clinical features of disease; underlying illness; transnosuppressive therapy for prevention of allograft rejection of plant type; day after admission of transplantation, diagnosis of a previous bone marrow transplant, while patient 17 had enddisease, start of amphotericin B therapy, and absolute neutrostage liver disease and had received steroid therapy for persisphil count of õ500/mL; antifungal therapy and surgery utilized; tent hepatitis. duration of neutropenia; and outcome. In addition, in fatal Sinusitis was diagnosed by examination of biopsy or autopsy cases, autopsy records and/or death certificates were also retissue specimens a median of 19 days (range, 4 -87 days) after viewed. admission (table 3) . Sinusitis in the 15 patients with neutropenia was diagnosed a median of 11 days (range, 1 -78 days) after the onset of neutropenia. Eight (47%) of the 17 patients surResults vived. The median number of days until death following the diagnosis of sinusitis was 29 days (range, 4 -82 days). Seventeen cases of invasive mold sinusitis were identified, All 17 patients were treated with intravenous amphotericin and the clinical characteristics of these patients are presented B; this therapy was started a median of 18 days (range, 1 -54 in table 2. Nine patients were male, and eight patients were days) after admission (table 3) . Nine patients (52.9%) received female. The median age of the patients was 22 years (range, amphotericin B therapy before the diagnosis of invasive fungal 4 -62 years). Fifteen patients had hematologic malignancies sinusitis because of the following reasons: persistent or recur-(leukemia, 10; lymphoma, five), and two patients had end-stage rent fever (5), suspected mold infection (3), and yeast infection liver disease. All patients with cancer received high doses of (1). Overall, 10 patients underwent nasal surgery with or withchemotherapy; all five patients with lymphoma received autoloout eyeball enucleation. Six of these patients survived and were gous stem cell rescues, and five of the patients with leukemia discharged without further evidence of disease. Of the seven received allogeneic stem cell transplants (two from related dopatients who did not undergo surgical intervention, only two nors and three from unrelated donors). All patients presented with fever. The most common characteristic signs and sympsurvived. NOTE. ALL Å acute lymphocytic leukemia; AML Å acute myelocytic leukemia; BM Å bone marrow; CML Å chronic myelogenous leukemia; ESLD Å end-stage liver disease; HD Å Hodgkin's disease; NHL Å non-Hodgkin's lymphoma; PSC Å peripheral stem cell; R Å related; U Å unrelated.
* All patients had fever at the time of diagnosis. † These patients received high doses of chemotherapy without transplantation.
Of the 17 patients with invasive mold sinusitis, 11 (64.7%) most diagnosed cases of fungal sinusitis [9, 14] . Rhinocerebral zygomycosis is an especially devastating disease; it occurs in were infected with A. flavus, 3 (17.6%) were infected with unspecified species, and 1 (5.9%) each was infected with patients with metabolic ketoacidosis following fungal invasion (most frequently by Rhizopus species) of the nasopharynx or A. fumigatus, Rhizopus species, and Alternaria species, respectively (table 4) . Nine patients died, and a postmortem examinaparanasal sinuses [9, 14] . Herein, 17 cases of acute fulminant invasive fungal sinusitis tion was performed on six of these patients. All six patients had evidence of invasive fungal disease and dissemination to caused by molds are reported; these cases were identified by a retrospective review of the charts of patients who had been extrapulmonary sites. The brain was the most common extrapulmonary site involved (four cases). Invasive mold infection hospitalized at the University of Nebraska Medical Center over a 10-year period (January 1985 through December 1994). secondary to sinus involvement was considered the immediate cause of death in these six patients. In addition, all three patients Of our 17 cases, 11 infections were confined to the sinus with or without orbital involvement, while six developed into who died and did not undergo postmortem examination had invasive fungal infection secondary to sinus involvement listed disseminated mold disease. A. flavus was the most frequent etiology of sinusitis, causing seven cases of localized disease as the cause of death on their death certificates.
and four cases of disseminated infection. A. flavus was also reported by both Drakos et al. [1] and Talbot et al.
[6] as Discussion the most common cause of invasive mold sinusitis; 18 of the combined 24 cases reported were due to this mold (table 1) . Fungal sinusitis can be classified into four primary categories: acute fulminant invasive disease, chronic indolent invasive
In contrast, in a review of aspergillus sinusitis in patients with AIDS, Teh et al. [11] showed that A. fumigatus was the disease, fungus ball, and allergic disease [14] . Invasive fungal sinusitis is characterized by spread of the fungus from the sinus most common cause; 16 of the 17 cases reviewed in which species were determined were due to this mold. These researchairspace into adjacent structures [9] . Chronic indolent invasive fungal sinusitis is a disease process that is more slowly destrucers surmised that the difference between patient population with regard to host defense impairment and local conditions tive, usually occurring in more immunologically normal patients [9]. However, acute fulminant invasive disease occurs may have played a role in the apparent differences in the pathogenicity of A. fumigatus and A. flavus. A. flavus has been recogprimarily in patients with poorly controlled diabetes or in immunosuppressed patients; the rapid progression of disease in nized as the most common cause of all cases of invasive mold disease in our institution, and it is not surprising that this opporthese patients is frequently fatal [9] . Aspergillus species, as well as fungi belonging to the family Mucoraceae, account for tunistic pathogen (which is associated with the environment) / 9c2f$$ju57 04-29-97 13:06:08 cida UC: CID would also cause most of the cases of invasive mold sinusitis more likely to deposit in the lungs than in the upper respiratory tract, thereby causing more lower respiratory tract infections in our patients [15] .
In three (17.6%) of the 17 cases of invasive mold sinusitis, [11] . This suggestion may account, in part, for the lower incidence of fungal sinusitis caused by this mold. characteristic histopathologic evidence of hyphae consistent with a mold but without a positive culture was the criterion
The final two cases of invasive mold sinusitis in this study were caused by Alternaria species and Rhizopus species, refor diagnosis. The inability to isolate Aspergillus from cultured tissue specimens with an observation of characteristic histospectively. Alternaria species, as well as other dematiaceous fungi such as Bipolaris and Curvularia, are increasingly being pathologic evidence of hyphae, whether in sinus or other tissue specimens, is not unusual [10, 16, 17] . In a study by Walmsley recognized as a cause of invasive fungal sinusitis [8, 17] . In a review of 39 cases of fungal sinusitis caused by dematiaceous et al. [16] , cultures of 13 (33%) of 39 tissue samples from multiple sites in pediatric patients were negative. In a previous molds by Zieske et al. [10] , Alternaria species caused six cases (the third most common dematiaceous fungi); these researchers report from our institution, we [15] showed that cultures in four of 22 reported cases of invasive aspergillosis in patients also described in detail a case of invasive fungal sinusitis caused by Alternaria alternata. In our present study, characterwith lymphoma were negative.
A. fumigatus, which was previously reported as the second istic pigmented, branching, and septated moniliform hyphae were detected in a tissue specimen for which culture was posimost common cause of invasive mold disease in our institution [15] , was isolated from one patient with invasive mold sinusitis tive for Alternaria species. Rhizopus species, on the other hand, have clearly been recog-(which eventually disseminated) in this study. Since the size of A. fumigatus conidia is smaller than the size of conidia of nized as opportunistic pathogens in immunocompromised patients; these organisms have been noted as the most common other aspergilli, it has been suggested that this species may be / 9c2f$$ju57 04-29-97 13:06:08 cida UC: CID cause of rhinocerebral zygomycosis [3] . In our study, Rhizopus
Invasive fungal sinusitis has not been described in detail in patients with end-stage liver disease. However, invasive mold was cultured from both sinus and brain tissue specimens from one patient. Histopathologic examination of both specimens disease of multiple sites in patients undergoing liver as well as other solid organ transplantations has been reported also revealed a characteristic pattern of pauciseptate irregular branched hyphae that varied in width from 5 to 20 mm. The [18 -20] . Patient 7, who underwent liver transplantation, developed sinoorbital aspergillosis caused by A. flavus and survived. rapid spread of fungi from the sinus to the brain in immunocompromised patients has been described in detail [3] .
Patient 17, who was receiving steroid therapy and did not receive a liver transplant, presented with nasal congestion, periFifteen of our patients had hematologic malignancies, while orbital swelling, and coma. A CT scan of the head revealed two patients had end-stage liver disease (table 2). All patients lesions in the brain; subsequently, histological examination of with cancer underwent aggressive chemotherapy with high autopsy specimens of the lesions showed findings characteristic doses of cytotoxic agents. Five of the 10 patients with leukemia of mold, and cultures of these specimens were positive for received allogeneic stem cell transplants, and all five patients Rhizopus species. with lymphoma received autologous stem cell rescues. Of the two patients with liver disease, one received a liver transplant, Fifteen of the 17 patients with sinusitis in our study became neutropenic at some time during hospitalization; the median and one received steroid therapy for chronic hepatitis. The higher incidence of invasive mold sinusitis in patients with duration of neutropenia was 26 days (range, 11 -87 days). Neutropenia and the duration of neutropenia are known risk factors leukemia who were undergoing therapy was also reported by Drakos et al. [1] in a study of bone marrow transplant patients.
for invasive fungal disease [13, 15] . The two nonneutropenic patients who developed sinusitis in our study had received These researchers reported that six of the 10 cases of fungal sinusitis caused by mold occurred in patients with leukemia.
long-term therapy with immunosuppressive drugs. Patient 2, who had acute myelocytic leukemia, had undergone allogeneic Likewise, in a 10-year review, Talbot et al.
[6] also showed that patients with leukemia were at highest risk for fungal bone marrow transplantation 1,221 days before admission and presented with sinus pain, sinus drainage, and periorbital swellsinusitis.
ing. Patient 17, who presented with periorbital swelling, coma, mycosis have been described in the literature as complications of fungal sinusitis [2, 3] . and nasal congestion, had end-stage liver disease secondary to an unknown etiology and had received long-term steroid therAll of our cases of invasive sinusitis (except those in patients 2 and 17) were considered nosocomial in origin. All patients apy for chronic hepatitis. In both of these cases, the fungal pathogen was considered to be community-acquired. except nos. 2 and 17 became neutropenic and were admitted to a special care unit containing high efficiency particulate air Most cases of invasive mold sinusitis in nonneutropenic patients described in the literature occurred in patients with AIDS (HEPA)-filtered air under positive pressure. Housing patients under these conditions has been shown to reduce the incidence [4, 11] . Karam and Griffin [21] reported cases of invasive pulmonary aspergillosis in immunocompetent nonneutropenic of invasive mold infections; however, as shown in our study and in previous reports [22, 23] , HEPA-filtered air does not hosts.
All patients in our study presented with fever and at least prevent the acquisition of invasive fungal disease. In summary, these 17 cases extend the information on invaone characteristic symptom suggestive of invasive mold sinusitis (table 2) . The most common symptom was periorbital swellsive mold sinusitis. Even with early diagnosis and aggressive therapy, the mortality rate associated with this condition contining (seven patients) followed by nasal congestion (six patients). These symptoms are similar to those described by Drakos et ues to be high. Studies evaluating new management strategies, including the use of new liposomal and colloidal dispersion al. [1] . Mental status changes were observed in four patients (nos. 4, 13, 15, and 17); postmortem examinations of all four preparations of amphotericin B as well as the use of cytokines and granulocyte transfusions for neutropenic patients, are of these patients revealed mold infection of the brain (table 4) . Spread of mold from the sinus to the brain is considered a needed to help improve the outcome of this disease in immunocompromised patients [24 -26] . major complication of fungal sinusitis in immunocompromised patients [1, 3, 5] .
The diagnosis of invasive mold sinusitis in our study was confirmed by histopathologic examination of sinus tissue speci-
